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This thesis is concerned with the development of flow
injection analysis methods for the determination of bismuth,
ammonia and sulphur dioxide.
Bismuth was analyzed by hydride generation atomic
absorption spectroscopy. A 2001 bismuth sample was injected
into a continuous flow water stream and reacted with the sodium
borohydride in the 'reacting coil. The bismuth hydride was
separated by a PTFE membrane and went to an electrically heated
quartz tube at 900°C. The absorption peak at wavelength 223.1nm
was recorded. The linear range was from 0 to 50ppb. The
sensitivity was 0.12ng and the detection limit was 0.18ng. The
relative standard deviation was 1.5% at a level of 30ppb bismuth.
Maximum sampling rate was 280 runs per hour. Interferences were
relatively small. Good agreement has been obtained for a
reference steel sample.
Ammonia was analyzed by gas-phase UV absorption. The
ammonium ion in aqueous. solution was treated with a strong base
(10M NaOH) and the evolved ammonia after separation was swept
into an absorption cell. An atomic absorption spectrophotometer
with a flow-through absorption cell was used. Wavelength for the
absorption was 193.7nm. Without thermal treatment, the
sensitivity was 2.05ppm NH3 and the detection limit was .1.OOppm
NH-1. The linear range was from 0 to 200ppm and the coefficient
3of variation at 10-200ppm NH3 was from 1.6-5.2%. Maximum
sampling rate was 120 runs per hour. With thermal treatment, the
sensitivity was 0.59ppm NH3 and the detection limit was .0.58ppm
NH3. The linear range was from 0 to 50ppm NH3 and the
coefficients of variation at 10, 20ppm NH3 were measured to be
4.1% and 3.1%, respectively. The sampling rate was 50 runs per
hour. The method was found nearly free of interference. The
accuracy was checked by determining the nitrogen content in
flour, total nitrogen and free ammonium contents in some
fertilizers. The results agreed well with those from the AOAC
method.
Sulphur dioxide was analyzed by gas-phase UV absorptiot.
The sulphite ion in aqueous solution was determined by reacting
with sulphuric acid (2M) and the evolved sulphur dioxide was
measured by absorption at 210.Onm. The sensitivity was 1.87ppm
so32- and the detection limit was 1.00ppm SO32. The linear
range was from 0 to 250ppm SO32 and 10, 50 and 100ppm SO32- were
measured with coefficients of variation of 5.0%, 3.2% and 2.9%,
respectively. It was found that sulphide ion interfered the
signal most. The accuracy of. the proposed method was checked by
determining the sulphur dioxide content in some concentrated
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In 1970s prior to the development of flow injection
analysis, the Skegg's(1) continuous flow method had been
widely used for chemical analysis. In that method, air-bubbles
were used to segment the reaction stream and to attain the
'steady-state' between the sample injections.
The introduction of air-.bubbles can prevent excessive
dispersion of the sample in the reaction stream and minimize the
overlap between sample zones. There are also some disadvantages
for the presence of air-bubbles in the flow stream: due to the
compressibility of air, the stream tends to pulsate rather than
flow smoothly the air-bubbles should be removed from the stream
before reaching the detector the presence of air prevents the
miniaturization of the system. Alternate aspiration of sample
solution and distilled water was necessary to prevent cross-
contamination. The attainment of 'steady-state' signal caused the
large consumption of the reagent and sample solution. Also the
samplinz rate of the Skegg's method was low.
Some non=segmented continuously flow analysis could be
found in the early 70s before the method was termed 'Flow
Injection Analysis' in 1975. In 1970, Fehner and Pungor(2)
infected sample into the stream of the supporting electrolyte by
2means of a syringe through a rubber tube. A magnetic stirrer was
placed between the point of injection and the measuring cell to
ensure complete mixing of the sample and the reagent. In 1972,
Gerding and his co-workers(3) designed a highly sensitive
automatic analyser for the measurement of peptide material in
column effluents. They used a valve with two sample loops to
tranfer chromatographic effluent stream to the reaction stream
which finally entered the spectrophotometer while keeping the to
streams flowing all the time. In 1974, Fehner and Pungor(4)
continued on their work -to demonstrate some possible
applications. At that time, they used a peristaltic pump instead
of a level controller to give constant pressure for the constant
flow of the reagent.
In 1975, Ruzicka and Hansen(5) published their first paper
on the concept of unsegmented continuous flow analysis. They
described their concept by spectrophotometric determination of
methyl orange and phosphate based on the measurement of
molybdenum yellow and molybdenum blue and also the potentiometric
determination of ammonia. They were the first ones to term the
method as 'Flow Injection Analysis'. At the same time, the
Stewart's group in U.S.A. also devoted much effort to develop the
method of unsegmented continuous flow analysis. The difference
between Ruzicka's and Stewart's group was that sample was
injected manually to the flow stream by Ruzicka while Stewart
used rotatory valve for sample insertion. The system of Stewart
could be fully automated while that of Ruzicka could only -be
3semiautomated
Up to the early 80s, several hundred of papers concerning
the flow injection analysis were published. The method was
adapted in different instrumental methods including
chemiluminescence(6), atomic absorption spectrophotometry(7),
fluorimetry(8)....etc. and in different kinds of analytical
techniques including extraction(9), isothermal distillation(10),
titration(11)....etc. It was used in different fields such as
agricultural, pharmaceutical, clinical and enviromental. There
were also several review articles. Ruzicka and Hansen(12)
reviewed the principles, applications and trends of flow injecton
analysis in 1980. Stewart(13) reviewed the early history of flow
infection analysis in 1981.
Flow- injection analysis. is based on the injection of a
liquid sample into a moving unsegmented carrier stream. The
injected sample will then disperse on its way to the detector
which will record the peak height, width according to the
dispersion of.the sample zone. It was found that the dispersion
of the sample zone was affected by four factors, namely: sample
volume, tube dimensions, pumping rate and axial dispersion
coefficient(14).
The controlled dispersion is very important for designing
a flow injecton analysis system. From the peak height of the
recorded signal, the dispersion Dt has been defined(15) as the
ratio of the original analyte concentration, Co, in the fluid to
4the peak maximum, C max
----(1)
Disperson has been classitlea into three groups accoraing
to its magnitude: limited (Dt= 1-3), medium (Dt= 3-15), and
large (Dt > 15). Different dispersion has its special use.
Limit dispersion has been used to assay the original composition
of an undiluted sample solution. Medium dispersion is the most
important for analytical chemistry. It allows sufficient mixing
of-the reagents and time for the chemical reaction to produce an
adequate amount of product for detection. Large dispersion can
be used to obtain a suitable sample dilution for rapid*
determination of concentrated samples. It can also produce a
concentration gradient over a well defined period of time.
The success of flow injection analysis depends on the
reproducibility of the sample volume and the speed of injection,
the reproducible movement of the sample zone in the flow stream
and the sufficicent and reproducible mixing of the sample and the
reagent. In 1983, Ruzicka(16) reported the use of the integrated
microconduits to ensure good repeatability of dispersion of the
sample zone. The system of the integrated microconduits was made
on small block of acrylic plastic. The grooves forming the flow
channels with a hemicircular cross section was imprinted into the
plastics block and then closed by a flat layer. The integrated
microconduits allowed further miniaturization of the flow
injection analysis system and the reduction of the sample and
5reagent consumption. They 'expected to have a portable
microlaboratory.'
The object of this work is to develop the flow injection
analysis methods for the determination of bismuth, ammonia and
sulphur dioxide. It is divided into three parts. Part I is to
deal with the flow injection analysis of the bismuth by hydride-
generation atomic-absorption spectroscopy. A new kind of gas-
separator was tested. Part II is to deal with the flow
injection analysis of ammonia by gas-phase ultra-violet
absorption* spectroscopy. The basic experimental set up was
similar to that in Part I but a gas was introduced in a suitable
positon in the flow stream to flush the ammonia gas. Part III is
to deal with the flow injection analysis of sulphur dioxide.
6Part I
HYDRIDE-GENERATION ATOMIC-ABSORPTION DETERMINATION Ur
BISMUTH USING FLOW INJECTION ANALYSIS
7Chapter Two
Introduction
Hydride generation atomic-absorption spectrometry, was
developed in 1970. Metal is reduced to its metal hydride either
by tin chloride or sodium borohydride. The latter is found to be
more convenient. The hydride is then swept into the atomizer.
Since most of the metal hydrides are unstable, a low temperature
is sufficient to decompose and atomize the hydride. The hydride-
generation method offers a sensitivity 100 times higher than that
of the conventional flame method. The reason is that in
conventional method only about 5% of the sample solution can be
nebulized and reach the flame, but in hydride-generation nearly
all the metal will be converted to its gasous hydride. There are
several methods to atomize the hydride: (a) to use the air-
acetylene flame or argon-hydrogen-entrained air flame, (b) to
use a heated quartz tube and (c) to use the graphite furnace.
Atomization by flame has a large background signal and the
residence time of the free atom in the light path is short while
the graphite furnace is expensive and difficult to operate.*
Therefore the heated quartz tube either by flame or by electrical
method is-widely used. The greatest limitation of the hydride
generation method is that only eight elements, namely, antimony,
arsenic, bismuth, germanium, lead, selenium, tellurium and tin
can be converted to their metal hydrides in sufficient amounts
for analytical use.
8In 1974, Thompson(17) designed a hydride generation cell
for these eight elements. Dilute sodium borohydride solution was
put into the cell and the acidified sample was then injected
manually. The liberated hydrides were swept into a 17 cm long
silica tube heated by an air-acetylene flame. In the same year,
two automated hydride generation atomic absorption techniques
were reported. Vijan et al.(18) designed a U-shape gas-liquid
separator for the determination of arsenic in atmospheric
particulate matter. The arsine formed was swept into an
electrical heated, windowless quartz cell.- The solution was
continuously aspirated to obtain a steady signal. Goulden and
Brooksbank(19) used a stripping column and a wash column
connected with two U-shape gas-liquid separators for the
determination of arsenic, antimony and selenium in natural
waters.
The use of flow injection analysis with hydride generation
atomic absorption spectrometry was first reported in 1982 by
Astrom(20). He miniaturized the Vijan type gas-liquid separator*
to determine the bismuth. The sampling rate increased to 180
samples per hour. In 1985, Yamamoto(21) applied the gas-
segmentation method with the flow injection technique for the
determination of arsenic, antimony, bismuth, selenium and
tellurium by hydride generation atomic absorption spectrometry.
He found that the gas-segmentation method was useful for the flow
injection analysis of the reaction accompanying with a large
amount of gas, generation. In the same-year, Ikeda(22) reported
the use of a Teflon suction cup instead of a valve for sample
9injection to a coninuous-flow hydride generator. The gas-liquid
separator was different from that of Astrom. The gas-liquid
mixture was first pumped into a dosed vessel arrd then the liquid
fell into a hole in the middle while the gas would sweep into
the atomizer. Excess liquid in the vessel were pumped away.
The objective of this work is to design a new type of gas-
liquid separator for flow injection system. The separator is
based on the gas permeability of the Teflon (PTEE) tape which
acts as a phase separation membrane. The membrane is sandwiched
between two pieces of plastic blocks with grooves.' This• design
for extraction on the flow injection analysis has been reported
by Nord et al.(23) in 1980. He used a PTFE membrane with
polyethylene backing. The aqueous phase was separated from the
organic phase with a recovery up to 95%.
The use of the membrane for gas diffusion was also
reported. In 1983, Andersson(24) injected a sample into a
carrier stream which was separated from a reagent stream by the
PTFE membrane. Acetone diffused through the membrane and was
detected in the reagent stream by spectrophotometry. In the same
year, Boef(25) and Midgley(26) used the same method for gas
diffusion of ammonia and sulphur dioxide. In 1985, Pacey(27)
used the same design for the determination of chlorine dioxide
by the gas diffusion flow injection analysis.
The only paper which used the* membrane for gas-liquid
separation without acceptor reagent stream on the other side of
10
the groove was reported in 1983 by Andrade(28). He aligned the
gas-liquid' separator in the optical path of the atomic absorption
instrument. The mercury ion in the sample was reduced to
elemental mercury by sodium borohydride. When the gas-liquid
mixture passed across the membrane, the mercury atoms would
diffuse to the other side of the membrane and absorbed the
incident light to produce a signal. The proposed design is e
modification of Andrade. The determination of bismuth by
hydride-generation atomic-absorption spectrometry using flog,






All the measurements were made on a Perkin-Elmer Model 360
Atomic-Absorption Spectrometer. A Varian Techtron bismuth
hollow cathode lamp and a Cole-Farmer recorder were used. The
burner head of the instrument was removed and replaced by an
aluminium plate. The atomizer was a transparent quartz T-tube of
17cm long and internal diameter 0.3cm. The internal diameter of
the side arm was 0.4cm. It was heated electrically and housed in
aluminium plate.
The schematic of the flow injection system was shown in
Figure 3-1. The pump was a 2 channels peristaltic pump with
variable speeds (Oriental Motor Company). Silicon tubing was
used in the pump head. A home-made rotatory valve with by-pass
was used for sample injection. The damping coil was the Tygon
tubing of internal diameter 2.4mm and length 50cm. Other tubing
was Teflon tubing of internal diameter 0.8mm. The flow rate of
nitrogen was measured by a Matheson's flowmeter (Model 602).
A schematic of the gas-liquid separator was shown in
Figure 3-2. The membrane was the PTFE tape of thickness 0.075mm
and width 12mm. The stainless steel screen (1cm width x 6cm
lone) was used as supporter. The adhesive plastic tape was used






































Fogire 3-2. Schematic diagram of the gas-liquid separator.
Dimensions of groove, Black A
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to fix the screen on the lower acrylic plastic block B. The
PTFE membrane was put on top of the adhesive plastic tape.
Finally, and for convenience, rubber bands were used to hold the
block A and block.B together with the membrane, the tape and the
stainless steel screen in the middle as described.
(II) ReagentE
All reagents were of analytical reagent grade.
A stock solution containing 1000ppm of bismuth(III) was
prepared by dissolving 1.000g of bismuth metal in minimum volume
of 1:1 nitric acid and diluting to 1 litre with 2% nitric acid.
From this stock solution, standard solutions containing 10ppb,
20ppb, 30ppb, 40ppb and 50ppb of bismuth(III) were prepared each
time. Appropriate amount of hydrochloric acid was added to make
the final acid concentration of the solution to 0.40M.
Sodium borohydride solution was freshly prepared by
dissolving 2.5g of sodium borohydride(powder form, Sigma) in
500ml distilled water with prior addition of 25ml 1M sodium
hydroxide solution. The sodium hydroxide was used to inhibit
decomposition of the borohydride.
(III) Procedure
The wavelength-was set at 223.1nm. The lamp current was
15
10mA. The slit width was 0.7nm and energy gain was 50. The
absorption T-tube was aligned properly for maximum intensity of
the light beam to pass through. The tube was heated to
approximately 900°C by a variac to adjust the A.C. line voltage.
The temperature was measured by a thermocouple.
The nitrogen carrier gas flow rate was set at an optimum
value of 280m1 per min. The peristaltic pump was started to
allow distilled water and sodium borohydride solution to flow
through the system at the rate of 4.3m1 per min in each stream.
The sample loop with sample volume approximately 20 01 was filled
and the valve was rotated to allow the sample be carried by the
water stream and mixed with the sodium borohydride solution at
the confluence point where the reaction took place. The gas
formed (mixed with'the solution) would sweep to the gas-liquid
separator, where the gas passed through the membrane and was
carried to the atomizer by nitrogen. The absorption peak height
at 223.1nm was recorded. The liquid after separation flew to
the waste bottle.
For another run, the rotatory valve was rotated again for
filling the sample loop and distilled water was allowed to pass
through the by-pass of the sample valve. The solution was kept
flowing continuously during sampling. For each sample, at least
five readings were taken and then averaged..
A typical calibration graph was prepared using standard
solutions containing 0-80ng per ml of bismuth(III) in 0.40M
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hydrochloric acid. The content of bismuth in steel was
determined by the proposed method using the' standard additior
procedure.
(IV) Digestion of standard reference materialI
Steel (NBS SRM AISI 4340)
Approximately 0.1g of the steel sample was weighed
accurately and dissolved in 3m1 of a mixture of concentrated
hydrochloric acid and nitric acid (3:1). It was heated gently
for a few minutes. Then 2ml of water was added and the solution
was boiled gently till all the metal was dissolved. The mixture
was then cooled and made up to 50m1. It was then analysed by the
standard addition method. Also a blank was run.
17
Chapter Four
(I) Optimization of the experimental conditions
1. The dimensions of the groove in the gas-liquid separator
The volume of the groove in the separator may affect the
time for the gas to come out-of the liquid. The width, length,
and depth of the groove in plastic block A were varied. The
width and length of that in block B were changed but the depth
was kept constant at 3mm. From Andrade(28), an exchange area of
150mm2 was found to have most satisfactory results in the
determination of mercury. In this work, a bismuth(III) standard
of 30ppb was used to study the effect of the cell dimensions on
the signal. The experimental conditions were:
(a) length of reacting coil: 15cm.
(b) nitrogen flow rate: 280m1 per min.
(c) sample volume: 200il.
(d) hydrochloric acid concentration in solution: 0.40M.
(e) sodium borohydride concentration: 0.5% in 0.05M NaOH.
(f) solution flow rate in each stream: 4.3m1 per min.
Results were given in Tables 4-1 and 4-3.
Results and Discussion
Table 4-1. Effect of groove width on the signal.










Table 4-2. Effect of groove length on the signal.










Table 4-3. Effect of groove depth on the signal.






It can be seen that variation of the width from 2 to 4mm
had a gradual increase in the signal, however, the signal became
smaller when further increase the width to 5mm. Overall, the
variation of the signal was not large. The groove width of 3mm
instead of 4mm was chosen for later experiments. The reason was
that at high solution flow rate, it would generate a high
pressure, the supportor and the membrane would be distorted for
the wide groove. The length of the groove was found to have
certain effect on the signal. The absorbance increased from
length of 3 to 5cm and then decreased greatly from length of 5 to
15cm. The depth of the groove had no effect on the signal. The
dimensions of the groove in block A used throughout the
experiment were 1.0mm deep, 3mm wide and 5cm long.
2. The supportor
Andersson(24), Boef(25), Midgley(26) and Pacey(27) did
not use any supportor. In their designs, both sides of the
membrane were passed through by the solution streams. The
pressure on both sides of the membrane was equalized by applying
the same flow rate of the solution streams. The membrane would
not be distorted or broken. Andrade(28) used a thicker PTFE
membrane which was specially supplied by a company to his work
for gas-liquid separation.
In this work, a supportor was used. A membrane without
supportor had been tried but it was immediately distorted and
20
broken. Filter paper was titst usea as Lne supporror and was
broken after several runs. It might be due to the moisture whicr
passed through the membrane and wetted the paper. Later the
stainless steel screen and nylon cloth were tried. From Table 4
4, the variation of signals was not significantly different for
these two materials. As the stainless steel screen being more
rigid,it was used throughout the experiment.
Table 4-4. Effect of supporting material on signal.
















(3) The sample volume
A large sample volume would give out more metal nyariae
and hence a higher absorption signal. However,' too large a
sample volume might not have a well mixing with the reagent and
the reaction time might be too long for this technique or the gas
would not be sufficiently separated from the liquid. Hence the
optimum sample volume should,be studied in order to give the most
sensitive and reproducible results.
The sample volume was changed by varying the length of the
tubing of the sample loop. The effect of sample volume in signal
was studied. The results were collected in Table 4-5 and the
plot of absorbance against sample volume was shown in Figure 4-1.
As expected the signal increased with sample volume. The value
leveled off at about 400ul. For further increase in sample
volume, the absorption peak only became broader and broader..
The sample dispersed on its way in the flow system. Small
sample volume would show the dispersion clearly. For an increase
in the sample volume, only the head and tail of the sample zone
dispersed while the central portion remained the same as the
original concentration. In this situation the dispersion Dt was
equal to one. For further increase in sample volume, only the
length of the central portion increased. Therefore a broad peak
would be observed. Not much decrease in sensitivity was found
for 200u1 to 800u1, while for 10O P1 and 150V1 a great reduction
in sensitivity was observed. A sample volume of 200ul was
22
selected throughout the experiment. This gave the advantages of
increasing sample rate and reducing the sample consumption.











(4) The nitrogen flow rate
Nitrogen was used as the carrier gas because it does not
absorb in the wavelength for bismuth. The results were collected
in Table 4-6 and the plot of absorbance against nitrogen flow
rate was shown in Figure 4-2.
A high nitrogen flow rate led to a low result. This was
expected since the metal hydride would be diluted and also the
resident time of the atomized metal in the optical path decreased
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i. I
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Sample volume
Figure 4-1. Effect of sample volume on the absorbance-
8i(III) concentration, 30ppb.
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of 105m1 per min to 180m1 per min.- The low signal at 105ml per
min was probably due to the comparative large diffusion of the
hydride in the carrier gas or some hydride molecules might have
been decomposed before reaching the atomizer since the bismuth
hydride was unstable and known to decompose at room temperatures.
At low flow rate, the signals varied greatly and also longer
time was needed for the recorder pen to return to the baseline.
A nitrogen flow rate of 25Oml per min was chosen throughout the
experiment.
Table 4-6. Effect of nitrogen flow rate on signal
Bismuth concentration was 30ppb.







(5) The solution flow rate
It was known that the solution flow rate would affect the
dispersion of the sample zone in flow.injection analysis. The
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The variation of signals with solution flow rate was studied.
The results were collected in Table 4-7 and the plot of
absorbance against solution flow rate was shown in Figure 4-3.
Table 4-7. Effect of solution flow rate on signal.
Bismuth concentration was 30ppb.






From the figure, one can see that the signal increased
almost linearly with solution flow rate. The reason was that at
high low rate, the bismuth hydride was immediately carried to the
gas-liquid separator. The chance of dilution from the carrier
gas decreased. Broader peaks were obtained at low flow rates and
sharp peaks were obtained at high flow rates. A solution flow
rate of 4.30m1 per minute was chosen throughout the experiment.
At a further higher flow rate, a great pressure would be
generated in the system especially in the gas-liquid separator.
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(6) The acid concentration
Thompson(17) reported that when using soaium DoronyuLluC
as the reductant, the signal was not very dependent on the
hydrochloric acid concentration in the range from 1 to 4M. Both
Astrom(20) and Yamamoto(21) reported nearly the same result with
signal reaching the maximum at acid concentration of about 0.5M.
Further increase in acid concentration had no effect on the
signal. The results of the present study were collected in Table
4-8 and the plot of absorbance against hydrochloric acid
concentration was shown in Figure 4-4.
Table 4-8. Effect of acid concentration on signal








From the data shown, similar result was obtained as
Thompson, Astrom and Yamamoto with the signal increased
tremendously from 0.08 to 0.20M but gradually levelled off for
further increase in acid concentration. An acid concentraion of
0.40M was used throughout the experiment.
Concentration of hydrochloric acid (Ml
Figure 4-4. Effect of acid concentration on the absorbance.
81(111} concentration. 20DDb.
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(7) THP .qnium borohvdride concentration
Sodium borohydride was used to reduce the bismuth(ill) to
its hydride. The effect of sodium borohydride concentration on
signal was studied. The results were listed on Table 4-9 and
Figure 4-5 was the plot of absorbance against sodium borohydride
concentration.
Table 4-9. Effect of sodium borohydride concentration on







From the data, the signal increased sharply for sodium
borohydride concentration from 0.1 to 0.5%. Further increase in
concentration caused a slight increase in the signal. The result
was consistent with that reported by Astrom(20) and Yamamoto(21).
For a minimum consumption of reagent without sacrifice in
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Figure 4-5. Effect of sodium borohydride concentration on the












(o) The length of reacting-coil
The length of reacting coil was varied to see if there was
any effect on the signal. The results were collected on Table 4-
10 and a plot of absorbance against the length of reacting coil
was shown on Figure 4-6.
Table 4-10. Effect of length of reacting coil on signal
Bismuth concentration was 30ppb.







As the reaction between the metal and sodium borohydride
is a fast process, the length of the reacting coil had small
effect on the signal. 15cm coil length was chosen since the
signal increased with increasing coil length but began to level
off at a coil length of about 15cm.
Length of reacting coil
Figure 4-6. Effect of reacting coil length on the absorbance.
Bi(IIl) concentration, 30ppb.
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(9) A typical calibration run
A series of standard solutions containing. bismuth(III)
from 0- 80ng per ml were used to prepare the calibration curve.
The experimental conditions were the same as described in Section
(1). The results were collected on Table 4-11. The calibration
curve was shown on Figure 4-7 and the absorption peaks were shown
in Figure 4-8(a).
Sensitivity was defined as the concentration of analyte
giving 1% absorption. From the slope, m, of the calibration
curve, it was calculated to be equal to 0.0044/m. As the sample
volume used here was 20011, the absolute sensitivity was equal to
0.0044/5m. From the results, the linear range was found from 0
to 50ppb and then the curve bent towards the x-axis when further
increase in concentration to 80ppb. The absolute sensitivity was
0.12ng.
(II) Precision studies
The precision for the determination of bismuth(III) was
studied. Fifthteen replicate measurements for the bismuth(III)
concentration of 30ppb, as well as the blank were recorded. The
values were tabulated in Table 4-12 and the peaks were shown in
Figure 4-8(b) and (c).
The detection limit for the determination of bismuth(III)
was defined as 26/m where m was the slope of the linear portion
35


















Concentration of bismuth(III) (ppb)
Figure 4-7. Calibration curve for the determination of Bi(lII).
Figure 4-8. The absorption peaks for (a) the calibration,
(b) 15 replicate measurements of the blank and
(c) 15 replicate measurements of 30ppb Bi(III).
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of the calibration curve and was the standard deviation of
replicate determinations at or near blank level. The absolute
detection limit for the present work was 255m since the sample
volume used was 200ul. From the data, the standard deviation at
blank TpvpI was calculated to be The absolute
detection limit was 0.18ng
(Ill) Interference studies
Atomic absorption spectrometry is very specific and the
hydride generation method should be relatively free from
interferences. Whether this assumption is true, some actual
studies have been carried out. The criterion for an interference
was an absorbance value varying 5% from the expected value. The
effect of various foreign ions on signal was studied. The result
were tabulated in Table 4-13.
It was found that there was no noticeable effect for ions
Cobalt, nickel and copper were
the most serious interfering ions. With regarding to the
interference from those hydride-forming elements, tellurium was
found to be the most serious. A jelly-like grey precipitate was
observed on the flow system. It adhered on the wall of the
tubing and was difficult to get washed away. The membrane was
serious blocked and the gas-liquid separation was not complete.
The tubing and the membrane had to be replaced for further
analysis. These results were in agreement with those reported by
As trom(20).
Table 4-13. Effect of various foreign ions on signal.
































The type of interferences is divided into two classes:
the reaction takes place (a) in the solution'and (b) in the
atomizer. The reducton in signal maybe caused by the co-
precipitation of bismuth with the free metal or by the formation
of intermetallic compounds. For copper, nickel and cobalt, not
only the signals were reduced but also the sensitivity could not
be recovered by injecting standard solution unless hydroflouric
acid was used to wash thoroughly the quartz T-tube. Astrom(20).
reported the same result for copper and suggested that some
volatile compounds were formed during the reaction which
interacted with the quartz surface.
(IV) Accuracy
The accuracy of the proposed method was checked by
determining the bismuth content in a standard steel sample (NBS
SRM AISI 4340). Although a number of ions interfered with the
bismuth determination, Fleming and Ide(29) reported that good
results could be obtained by using standard addition method. The
steel sample was dissolved in a mixture of concentrated
hydrochloric acid and nitric acid. The results were collected in
Table 4-14.
The bismuth found agreed well with the true value of the
standard reference material. It demonstrated that the accuracy
of this method is good. Some free metal was observed'to form in
the liquid separator. It was not observed in the interference
study although it was expected. It indicated that the reaction
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Table 4-14. Determination of bismuth content in steel
sample. (NBS SRM AISI 4340)
Bi contained Bi foundSample weight error





of formation of metal hydride was faster than the reduction of
transition metal ion to its free metal. Astrom(20) and
Yamamoto(21) reported the same results and recommended the use of
a shorter coil length to eliminate some interferences from
transition metal by reducing the reaction time.
(V) Conclusion
A fast, accurate atomic absorption determination of
bismuth(III) by hydride generation was tested to be successful by
using a new gas-liquid separator. The membrane was the ordinary
PTFE membrane with thickness 0.075mm. The membrane of different
batches was tried and found no significant difference on the
signal. The size of the separator was small and could be easily
constructed.
An electrically heated T-tube was used as the atomizer.
The sample volume was 200ul. The nitrogen flow rate was 280ml
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per min. The hydrochloric acid concentration was 0.40M and the
reductant was 0.5% sodium borohydride solution. The total
solution flow rate was 8.60m1 per min. The reacting coil length
was 15cm. After optimization, the absolute sensitivity was
0.12ng and the detection limit was 0.18ng. A comparison with
other methods was shown in Table 4-15.
Table 4-15. Comparison of results for atomic absorption
determination of bismuth by hydride generation
Absolute Absolute Sampling rate
Method sensitivity detection limit per hour
(nz) (ng)
Thompson(17) 0.43 0.20 120
Astrom(20) 0.10 180(0.08ppb)
Yamamoto(21) 0.06 0.05 120
0.12Present work 0.18 280
The absolute sensitivity in the present work is higher
than that of Thompson while it is lower than Yamamoto and Astrom.
The absolute detection limit has the same trend. However
detection limit is affected very much by the instrument used and
not solely on the method. The sampling rate increases very much
due to the miniaturization of the system. It is expected that









Ultra-violet absorption spectrometry has been developed in
many years. Usually the sample is in the liquid form and is put
into a 1cm long quartz cell in the optical path. The absorption
signal is recorded. The ultra-violet absorption spectra of some
gas molecules such as ammonia(30) and sulphur dioxide(31) have
been recognized for many years. It is seldom used in
quantitative analysis. The reason is that molecules in the gas
state are less dense than that in liquid or solid states. And
therefore, either a long absorption cell or high sample
concentration should be used. For high-concentrated sample, the
conventional wet chemical method may give better accuracy. The
use of a long absorption cell is not suitable in the common
ultra-violet spectrometer' due to limited space in the sample
compartment. The introduction of the atomic absorption
spectrometer where the burner head can be removed and replaced
by the long absorption cell attracts much attention.
In 1973, Syty(32) removed the burner and replaced it with
a 15cm long flow through cell with quartz end-windows. The
concentration of sulphur dioxide was determined by first trapping
in an absorbing solution and then releasing it by acid. A Varian
Techtron hydrogen hollow cathode lamp was used as the light
source. Most measurements were made at 215nm with slit width
10nm. A water trap was placed between.the reaction cell and the
absorption tube to prevent water vapour to condense in the
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absorption tube.
In 1976, Cresser(33) used a 53cm long condenser as the
absorption cell. He used steam to pass through the outer jacket
to eliminate the condensation problem. A sample, 4m1, was added
to 20m1 sodium hydroxide solution(40%). After 30min at 303K, it
was connected to a delivery tube where nitrogen was used as the
carrier gas to blow the ammonia gas to the condenser for
analysis. It was reported that the method was rapid, sensitive
and selective for the determination of ammonium-nitrogen in
solution and total nitrogen in a wide variety of samples. In
1977, Cresser(34) used the same method for the determination of
nitrate by first reduction to ammonia. Titanium(III) sulphate in
sulphuric acid was used as the reducing agent.
In 1976, Syty(35) modified the reaction cell. A burette
was connected to the reaction cell for reagent supply. The size
of the reaction cell was minimized and a stopcock was attached at
the bottom of the cell for immediate drainage of the solution
after each run. The sample was injected into the reaction cell
from the injection port. A windowless quartz tube was used and
it was found that the gradual condensation of moisture causing'
the fluctuation of signal was eliminated. The method was .also
used for the determination of iodide and bromide in samples.
Iodide was oxidized to iodine by vanadium(V) oxide in sulphuric
acid and then swept to the absorption tube while bromide was
oxidized by potassium permanganate in sulphuric acid to bromine.
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Syty(36) used the same apparatus in 1979 for the determination of
sulphide after evolution as hydrogen sulphide,* in 1980 for the
determination of the ammonium ion by evolution of ammonia(37), in
1981 for the determination of cyanide(38) after conversion to
ammonia, in 1983 for the determination of ammonium, nitrate and
urea nitrogen in fertilizer and also for the determination of
sulphite in table wines(39, 40).
The first automated system for the determination of
ammonia by gas-phase molecular absorption spectrometry waE
reported by Vijan(41) in 1981. Sample was continuously aspirates
and mixed with sodium hydroxide solution. Nitrogen was
introduced to blow the ammonia out of the mixture. After passim
through a heating bath, the gas-liquid mixture entered a U-shapE
gas-liquid separator. The liquid was going to the waste bottlE
while the gas was swept into a heated quartz absorption cell. ItIc
side arm was also heated with heating tape.
The present study was to use the gas-liquid separator as
described in Part I for the determination of ammonia in sample
using flow injection analysis. The sensitivity, precision,





(A) Flow Injection System
(I) Apparatus
The reference-absorption spectrum of ammonia was measured
by the Hitachi 323 Recording Spectrophotometer. In quantitative
work the measurements were made on a Perkin-Elmer Model 360
Atomic-Absorption Spectrometer. A Petkin-Elmer arsenic
electrodeless discharge lamp and a Cole-Parmer recorder were
used. The burner head of the instrument was removed and replaced
by an aluminium plate. The absorption tube was a quartz T-tube
of 17cm long and 0.7cm internal diameter. The internal diameter
of the side arm was 0.4cm. It was housed in an insulated box as
in Part I and was mounted on the aluminium plate.
In the latter part of the experiment, the reacting coil
and the gas-liquid separator were put into a water bath at*
temperature 95°C for increasing the sensitivity. The quartz T-
tube was heated electrically to 200°C. To prevent condensation
on the side arm of the T-tube, it was covered by a thin aluminium
plate extended from the inner part of the T-tube. A PTFE membrane
was used to coat the aluminium plate for insulation and to
minimize heat loss. The T-tube was then put back in the box. A
glass cloth tape was used to cover the PTFE membrane in the
exposed side arm. The temperature of side arm was about 110°C.
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A stainless-steel tubing with internal diameter of 3mm was used
between the•gas-liquid separator and the T-tube. It was coiled
with resistance wire and heated electrically by a variac. The
temperature inside the tubing was about 120°C to prevent water
condensation. A PTFE membrane and glass cloth tape were used to
wrap the tubing for insulation.
The schematic of the•'flow injection system was shown in
Figure 6-1. The pump was a home-made 2 channels peristaltic pump
with variable speeds. Silicon tubing was used-in the pump head.
A home-made rotatory valve with by-pass was used for sample
injection. The damping coil was a Tygon tubing with internal
diameter 0.8mm. The total flow rate of nitrogen was measured by
a Matheson's flowmeter (model 602). The gas-liquid separator was
the same as described in Part I.
(II) Reagents
A'll reagents used were of analytical reagent grade.
A stock solution containing 1000ppm of ammonia was
prepared by-dissolving 3.1573g of ammonium chloride in distilled
water and diluted to 1 litre. From this stock solution,
standard solutions of appropriate concentration were prepared
each time.
Sodium hydroxide solution (10N) was prepared by dissolving












DC---- damping coilP---- pump
G---- gas-liquid separator MC---- mixing coil
---- membrane+ supportor RC---- reacting coil
S---- sample injection valve ---- was to
B---- bypass
Figure 6-1. Schematic of the flow injection system for the





The wavelength was set at 193.7nm and the silt wiuLn was
0.7nm. The lamp power supply was set at 8W. The energy gain was
50. The absorption T-tube was aligned properly to allow maximum
intensity of the light beam to pass through by using the
rotational, horizontal and vertical adjustment knobs of the
instrument.
The apparatus was connected as shown in the schematic of
Figure 6-1. The total nitrogen flow rate was set at 250m1 per
min. The sodium hydroxide solution (10N) and distilled water
were set at flow rate of 1.2ml per min in each stream. The
sample volume was approximately 200u1. The sample was carried by
the water stream and mixed with the sodium hydroxide solution.
After leaving the mixing coil, a stream of nitrogen with flow
rate of 17ml per min from the peristaltic pump was introduced to
blow the ammonia gas out of the mixture. The mixed solution was
swept to the gas-liquid separator. The gas would pass through
the membrane to the absorption cell. The peak height of the
absorption at 193.7nm was then recorded. The liquid after
separation would flow to a waste bottle. For each sample, at
least five readings were taken and then averaged. In the latter
part of the experiment, the procedures were the same except the
total nitrogen flow rate which was set at 75m1 per min and the
sample volume used was 400ul.
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A typical calibration curve was prepared from the standard
solutions.. The percentages of nitrogen in flour, free ammonia
and total nitrogen in fertilizers were determined using the
proposed method. The results were compared with the AOAC
distillation method(42).









Figure 6-2. Apparatus set up tor the AOAC distillation of
ammonium ion in sample.
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(II) Reagents
All reagents were of analytical reagent grade.
A sodium hydroxide solution (10N) was prepared by
dissolving 200g of sodium hydroxide pellets in 500m1 distilled
water.
The standard solutions of HC1 and NaOH with concentration
0.1000N were obtained from appropriate dilutions of the standard
BDH solutions.
Methyl red indicator was prepared by dissolving 1g methyl
red in 200m1 alcohol.
Magnesium oxide was carbonate-free.
(III) procedure
A 50ml of Kjeldahl digest was put into a 100ml long-neck
round-bottomed flask. Several glass beads were added. The
apparatus was connected as shown in Figure 6-2. A 25m1 of 1ON
sodium hydroxide was slowly added from the separating funnel to
the flask. The flask was heated to constant boiling. The
distillation was continued until about half of the solution was
distilled to the absorption solution containing 25m1 0.1000N
hydrochloric acid and a few drops of methyl red indicator. The
excess acid was back titrated with 0.1000N sodium. hydroxide
standard solution to a clear yellow end point.
The free ammonia in fertilizer was determined with the
same procedure. This time, 25m1 of 1ON sodium hydroxide was
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replaced by 2g magnesium oxide. A 250ml round-bottomed flask was
used and the 50ml prepared sample was diluted to 200m1.
(C) Digestion of the sample
Total Nitrogen in Flour and Fertilizer
Approximately 1.0-1.5g sample was accurately weighed and
put into a 250m1 Kjeldahl flask. Approximately 10g of potassium
sulphate, several crystals of copper sulphate, several glass
beads. and 25m1 of concentrated sulphuric acid were added. The
flask was strongly heated for 45 minutes until the solution was
clear. The solution was diluted to 250.Oml and used for analysis
by the proposed method and the AOAC distillation method. A blank
was prepared in the same wav.
Free Ammonium in Fertilizer
Approximately ig sample was weighed accurately into a
beaker. (If the sample was in solution form, lml of solution was
used.) 100ml water was added. The mixture was stirred for a few
minutes and was settled down for an hour. If precipiate was
found in the solution, it was filtered. The clear solution was




(I) Absorption spectrum of ammonia
An absorption spectrum of ammonia obtained by the Perkin-
Elmer Model 360 Atomic-Absorption Spectrometer was shown in
Figure 7-1. Ammonia gas was injected into a 4cm long stoppered
quartz cell. A hydrogen hollow cathode lamp was used as the
radiation source and the spectrum was scanned manually from
wavelengths 190 to 220nm at lnm intervals. The spectral slit
width was set at 2nm. Another absorption spectrum of ammonia was
shown in Figure 7-2. The spectrum was obtained by continuous
scanning from wavelength of 190 to 220nm by the Hitachi 323
Recording Spectrophotometer. Saturated ammonia vapour was
trapped in a 1cm long quartz cP11-
From the two figures, the same absorption spectra were
observed. In Figure 7-1, some peak maxima could not be clearly
defined due to the discrete scanning of the spectrum. Therefore,
peak maxima were determined from Figure 7-2. The absorption peak
maxima at 193.5 and 197.2nm were found to coincide with two
principal resonance lines of arsenic at 193.7 and 197.2nm. An
arsenic electrodeless discharge lamp was used and the wavelength
of 193.7nm was used throughout the experiment as it gave a
slightly higher sensitivity than the other line as seen in Figure
7-2.
Figure 7-1. Absorption spectrum of ammonia by discrete scanri--
using tne Atomic Absorotion So=~
Figure 7-2. Absorption spectrum of ammonia by continuous
scanning using the Hitachi 323 Recording
Soec troDho tometer.
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(II) Optimization of experimental conditions
(A) Without' thermal treatment
(1) The nitrogen flow rate (from the peristaltic pump to the
carrier stream)
As shown in the schematic in Figure 6-1, a separate stream
of nitrogen gas from a peristaltic pump to maintain its flow rate
was introduced into the carrier stream to blow out the ammonia
gas from the solution. Without the introduction of the nitroger
gas, the signal was low. For 1000ppm ammonia the signal was only
0.4 absorbance and also the signal varied greatly. The effect of
the amount of nitrogen introduced to the carrier stream wa:
studied. The results were collected in Table 7-1 and the plot of
absorbance against the nitrogen flow rate was shown in Figure 7-
3. The experimental conditions were:
(a) wavelength: 193.7nm.
(b) slit width: 0.7nm.
(c) dimensions of the groove of the gas-liquid separator:
1mm x 3mm x 50mm.
(d) sample volume 200u1.
(e) solution flow rate: 1.2m1 per min.
(f) mixing coil length: 15cm.
(g) reacting coil length: 15cm.
(h) total nitrogen flow rate: 280m1 per min.
(i) sodium hydroxide concentration: 10M.
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Table 7-1. Effect of the nitrogen flow rate (from pump)








From the result, it can be seen that the increase of
nitrogen flow rate increased the signal. It was expected since
more ammonia gas would be blown out from the solution at higher
nitrogen flow rate. The nitrogen flow rate was set at 17m1 per
min throughout the experiment. A further higher flow rate would
cause solution leakage in the tubing connections and the sampling
valve because .it created a high pressure in the system.
(2) The total nitrogen flow rate
The total nitrogen flow rate was measured by a Matheson
:lowmeter (Model 602). The nitrogen from the gas cylinder was
separated into two streams. One was used to blow out the ammonia
as from the solution (fixed at 17m1 per min) as described in
Section (2) and the other was connected to the gas-liquid
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Figure 7-3.. Effect of nitrogen flow rate (from pump) on









effect of the total nitrogen flow rate on signal was studied.
The results were collected in Table 7-2 and the plot of
absorbance against the total nitrogen flow rate was shown in
Figure 7-4.
Table 7-2. Effect of total nitrogen flow rate on signal.
Ammonia concentration was 300ppm.








The result was 'similar to that in Part I for the
determination of bismuth. A high nitrogen flow rateled to a low
result as the analyte was diluted by the carrier gas. Too low
nitrogen flow rate gave a low result because a broader peak was
recorded. It was because'there was more time for the ammonia gas
to diffuse in the carrier gas stream. A nitrogen flow rat-d of
280m1 per min was chosen rather than the 180m1 per min. It gave
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Total nitrogen flow rate (ml/min)
Figure 7-4. Effect of total nitrogen flow rate on the
absorbance. NH3 concentration, 300ppm.
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(3) The slit width
The effect of slit width on signal was studied. The
results were collected. in Table 7-3. It was found that the
smaller slit width gave a higher signal. Although it was
recommended to use a larger slit width for a better signal to
noise ratio, in this work, a spectral slit width of 0.7nm was
chosen throughout the experiment because it gave about 25%
increase in sensitivity with slightly increase in the baseline
signal.











(4) The sample volume
The effect of sample volume on signal was studied. lne
results were collected in Table 7-4 and the plot of absorbance
against sample volume was shown in Figure 7-5.










The signal increased steadily. from sample volume of 100ul
to 300ul and then levelled off at 4001. For further increase in
the sample volume, only a broader peak was observed. A sample
volume of 2001ul was chosen throughout the experiment as it gave a
higher sample rate, smaller sample consumption and also less time
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(5) The solution flow rate
The effect of solution flow rate on signal was studied.
The results were collected in Table 7-5 and the plot of
absorbance against solution flow rate was shown in Figure 7-6.
Table 7-5. Effect of solution tiow rate on signal
Ammonia concentration was 300ppm.







A high flow rate led to a low result. It implied that
sufficient time was needed for ammonia gas to diffuse through the
membrane in the separator. The signal reached the maximum at flow
rate of 1.2m1 per min. For lowering the flow rate to 0.8m1 per
min, the signal was slightly decreased and a broader peak was
recorded. It was probably due to the greater dispersion of the
sample zone in the flow stream especially in the mixing coil at
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(6) The length of mixing coil
The effect of the length of mixing coil on signal was
studied. The results were collected in Table 7-6 and the plot of
absorbance against length of mixing coil' was shown in Figure 7-7.
Table 7-6. Effect of length of mixing coil on signal.










The mixing coil was to give a sutticient mixing for the
sample and the reagent. As the sample and the reagent were
coming out from two different streams, they would immediately mix
together when they met. The increase in mixing coil length would
increase the dispersion of the sample zone and a low signal was
observed. At shorter coil length, the variation of signal was
larger due to the inhomogeneous mixing of the sample and reagent
although it gave a higher sensitivity because of smaller sample
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Figure 7-7. Effect of length of mixing coil on the absorbance.
NH3 concentration, 300ppm.
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(7) The length of reacting coil
The- effect of reacting coil length on signal was studied.
The results were collected in Table 7-7 and the plot of
absorbance against the length of the reacting coil was shown in
Figure 7-8.
Table 7-7. Effect of length of reacting coil on signal









lie reacting coil proviaea a place ror the nitrogen gas to
flush the ammonia gas from the solution. It was found that the
variation in length of the reacting coil was not important in
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Figure 7-8. Effect of length of reacting coil on the
absorbance. NH 300ppm.
(8) The sodium hydroxide concentration
Sodium hydroxide was used to provide a basic medium for
the release of the ammonia gas from the solution. The effect of
sodium hydroxide on signal was studied. The results were
collected in Table 7-8 and the plot of absorbance against sodium
hydroxide concentration was shown in Figure 7-9.
Table 7-8. Effect of sodium hydroxide concentration on
signal. Ammonia concentration was 300ppm.













The more basic the medium, the easier for the ammonia gas
to come out and so it was expected that a higher sodium hydroxide
concentration would give a higher signal. From the data, the
signal increased almost linearly with the sodium hydroxide
concentration. It was recommended to use the concentration as
high as possible. However, it was found that when the NaOH
concentration was over 10M, the solution became very viscous and
difficult to pump smoothly in the system. And therefore, a
ConcarLtrs.ti.cn of sodium hvdronide (M)
Figure 7-9. Effect of sodium hydroxide concentration on the
absorbance. NH concentration, 300ppm.
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sodium hydroxide concentration of 10M was used throughout the
experiment.
(9) Interference studies
When ammonia generated from the solution, it should be
free from interferences in the original sample. However, in
order to make sure this postulate to be true, some studies have
been carried out. The effect of ten anions on signal wasr
studied. The interferences were prepared from their salts of
sodium or potassium. Solutions containing 3000ppm interference
plus. 100ppm ammonia were tried. The results were tabulated in
Table 7-9. It was found that there was no effect on the signal
from these ten anions.
Table 7-9. Ettect of various anions on signal. Ammonia
concentration was 100ppm.













(10) Typical calibration run
The results of two typical calibration runs using two gas
-liquid separators with different groove depths were collected in
Table 7-10 and the plot of absorbance against concentration of
ammonia was shown in Figure 7-10. It was found that the gas--
liquid separator with groove depth of 0.5mm gave a signal about
80% higher than that of 1.0mm.
For groove depth of 1.0mm, the sensitivity based on 1%
absorption was 3.47 ppm NH3. The linear range was from 0 to
350ppm and remained useful up to 1000ppm NH3. For groove depth
of 0.5mm, the sensitivity was 2.08ppm NH3. The linear range wa
from 0 to 200ppm NH3 and remained useful up to about 500ppm NH3.
(11) Precision study
The precision of the present method was demonstrated by
using ammonia concentrations of 10ppm, 50ppm, 100ppm and 200ppm.
The results were collected in Table 7-11. The relative standard
deviations of the signals were 5.19%, 3.14%, 1.62% and 1.85%,
respectively.
The detection limit was detined as two times the stanaara
deviation at or near blank level. It was found to.be about lppm
NH3.
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Table 7-10. Two typical calibration runs using gas-


















Concent ration of amtcnia (pom)
Figure 7-10 Two typical calibration runs using gas-liquid
separators with different groove depths for
the determination of ammonium ion.
Table 7-11. Data for the precision study of lOppm, 50ppm,
lOOppm and 200pprm ammonia concentrations.
Dimensions of the gas-liquid separator were
0.5mmx3mmx50mm.
NH(ppm) Absorbance

















































































0.024 0.116 0.218 0.435
5.2 3.1 1.6 1.8
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(12) Accuracy
The accuracy of the present method was demonstrated by
determining the percentage of nitrogen in flour. A comparison of
the present method with the AOAC method was shown in Table 7-12.
Table* 7-12. A comparison of the present method and the
AOAC method for the determination of
nitrogen in flour.









From the result, good agreements between the standard
addition in the present method and the AOAC method were observed.
Direct reading from the calibration curve gave a value
consistently about 20% higher than that of the AOAC method. This
indicates that a systematic error existed in the calibration
curve. Syty(37) has reported that the H2SO4-K2SO4 matrix would
enhance the signal. And therefore, direct reading from the
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calibration curve would lead to a higher result.. The effect of
the matrix was not so obvious in Syty's system while it was
significant in the present system. It was probably due to the
miniaturization of the system. In Syty's system, '1m1 of sample
was injected to 6ml of 10M sodium hydroxide and the maximum
sampling rate was 30 runs per hour. In the present case, the
sampling rate was 120 runs per hour. The average volume of 10M
sodium hydroxide used in each run was 0.6ml.
(13) The acid concentration in sample solution
In the previous section, it was found that the signal
might be enhanced by some matrix in the sample. It was known
that the Kjeldahl digest consisted of a high concentration of
sulphuric acid. In this section, sulphuric acid was added to the
standard stock solution to see if there was any effect on the
signal. The results were collected in Table 7-13 and the plot of
absorbance against sulphuric acid concentration in sample
solution was Shown in Figure 7-11.
rrom the result shown, the signal increased with the acid
concentration. It was expected since heat would be given out
from the neutralization of the sulphuric acid and the sodium
hydroxide solution. The more concentrated the acid, the more
heat that would be evolved and therefore more complete the
ammonia gas would be released from the solution. There was about
18% enhancement of signal when the acid concentration increased
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from O.Oto 1.6M. The Kjeidahl digest was prepared trom using
25m1 concentrated sulphuric acid (18M) for digestion and the
final solution was made up to 250m1. The acid concentration in
the final solution was about 1.8M (assuming that the acid
consumption was negligible). The calibration curve method gave a
signal about 20% higher than that of the AOAC method as stated in
Section (12). It is a good proof.
Table 7-13. Effect of acid concentration in sample
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Figure 7-11. Efrect of acid concentration in sample on the










(B) With thermal treatment
(1) The temperature of the water bath
In order to increase the sensitivity, the reacting coil
and the gas-liquid separator were put into a water bath. When
the temperature of the bath was increased to 50°C, an increase in
signal was observed. However, water vapour was found condensing
inside the absorption tube and also in the Teflon tubing joining
the gas-liquid separator and the absorption tube. A stainless
steel tube with internal diameter of 3mm was used. It was wound
with.resistance wire and electrically heated to about 120°C. An
aluminium plate extending from the inner part of the absorption
tube was employed to cover completely the side arm. The
absorption tube was heated to 200°C and the temperature in the
side arm was found to be about 110°C. The condensation problem
was solved. A PTFE membrane and glass cloth tape were used to
wrap the stainless steel tube and the side arm of the absorption
tube for insulation.
The reacting coil length, mixing coil length, sodium
hydroxide concentration and nitrogen flow rate to flush the
ammonia gas from the solution were fixed at 100cm, 15cmm, 10M and
17m1 per minute, respectively. The effect of temperature ofthe
water bath on signal was studied. The results were collected in
Table 7-14 and the plot of absorbance against temperature was
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shown in Figure 7-12. Other experimental conditions were:
(a) total nitrogen flow rate: 75m1 per min
(b) sample volume: 400jl.
(c), solution flow rate: 1.2ml per min.












From the data shown, the signal increased almost linearly
with the temperature. A high temperature was recommended. A
temperature of 95°C was used throughout the experiment. A
further increase in temperature would cause the boiling of the
water which would splash out of the container and. also cause
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(2) The total nitrogen flow rate
The effect of total nitrogen flow rate on signal was
studied. The results were collected in Table 7-15 and the plot
of absorbance against nitrogen flow rate was shown in
Figure 7-13.
Table 7-15. Effect of total nitrogen flow rate on signal.
Ammni cnnePnrai nn was 50ppm.






A maximum was observed at flow rate of 75m1 per min. For
increasing flow rate, the signal decreased due to the dilution of
the analyte by the carrier gas. At flow rate of 50m1 per min, a
slight decrease in signal rather than an increase was possibly
due to more chance for the analyte to diffuse in the carrier gas
at very low flow rate. Also, the signal fluctuated greatly due
to the unsteady gas flow rate. The flow rate of 75m1 per min was
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Figure 7-13.Effect of total nitrogen flow rate on the
absorbance. NH3 concentration, 50ppm.
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(3) ThP -,nlinn flnw rate
The effect of solution flow rate on signal was studied.
The results were collected in Table 7-16 and the plot of
absorbance against solution flow rate was shown in Figure 7-14.
Table 7-16. Effect of solution flow rate on signal
Ammonia concentration was 5Oppm.






The same result was obtained as that in Section (5) of
Part (A). A maximum was observed at flow rate 1.2ml per min. A
higher flow rate led to a lower result due to insufficient time
for the ammonia gas to evolve from the solution. The low result
at very low flow rate was due to the dispersion of sample zone in
the stream. especially in the mixing coil. A solution flow rate
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(4) The sample volume
The effect of sample volume on signal was studied. The
results were collected in Table 7-17 and the plot of absorbance
against sample volume was shown in Figure 7-15. The results
obtained were similar to that in Section (4) of Part (A). For
increasing the sensitivity, a sample volume of 400u1 was chosen,
throughout the experiment.








(5) The concentration of acid in sample
In Section (13) of Part (A), it was found that the signal
increased with the acid concentration in the sample. Therefore
direct reading from the calibration curve would give error and
the standard addition was recommended. In this section, a water
bath kept at 95°C was used to increase the sensitivity of the
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was studied under this condition. The results were collected in
Table 7-18 and the plot of absorbance against acid concentration
was shown in Figure 7-16.
Table 7-18. Effect of acid concentration in sample on










From the data shown, the signal was not affected by the
acid concentration in sample. This would be expected, under such
high temperature condition the amount of the heat evolved from
neutralization of sulphuric acid and sodium hydroxide would be
negligible. Therefore, the ammonia concentration in sample could
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Figure 7-16. Effect of acid concentration in sample on the











The effect of anions and organic substances on
signals was studied. The results were collected in Table 7-19.
The anionic interferences were prepared from their sodium or
potassium salts.























It was found that there were no interference from anionic
species at concentration of 500ppm or more. Organic interferences
were studied too. There were no effect from hydrazine,
formaldehyde and urea while methanol, acetone and methylamine
hydrochloride increased the signal to some extent. The
enhancements were due to the absorption by the species in the UV
region, particularly the acetone vapour.
(7) Typical calibration run
A calibration curve, was, prepared. The results were
collected in Table .7-20 and the plot of absorbance against
ammonia concentration was shown in Figure 7-17. The curve was
linear in the range from 0 to 50ppm NH3 and bent towards the x-
axis when the concentration was further increasing to 100ppm.
The sensitivity based on 1% absorption was calculated to be
0.59ppm NH3
(8) Precision studies
The precision of the present method-was demonstrated by
using ammonia concentrations of 2ppm, 10ppm and 20ppm. The
results were collected in Table 7-21. The relative standard
deviations of the signals were found to be 12.3%, 4.1% and 3.1%,
respectively. The precision was not as good as in Part (A)'. It
was probably due to the difficulty in maintaining a steady-
thermal condition. The detection limit was defined as two times
the standard deviation at or near the blank. It was calculated
to be 0.49ppm NHS.
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Table 7-21. Results in the precision studies of 2ppm,
lOppm and 20ppm ammonia concentrations.
NH Cone.
Absorbance






































































The accuracy of the present method was demonstrated by
determining the percentages of nitrogen in flour, and the total
nitrogen and free ammonium in five fertilizers.
For flour, the same sample as in Part (A) was used. By
the AOAC method, the percentage of nitrogen was found to be
1.28%. The results of the present method by direct reading from
the calibration curve were tabulated in Table 7-22. The
percentage of nitrogen was found to be 1.26% and was in good
agreement with the AOAC method.
Table 7-22. Determination of total nitrogen in flour by
the present method.






Average 1.26± 0 02
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For total nitrogen in fertilizer, the sample was first
digested by K j eldhal method and then, after appropriate di lu ion,
was directly injected to give the reading. For the determination
of free ammonium content, the sample after filtration was treated
with the same procedures. The results were collected in Table 7-
23 and 7-24.
For the total nitrogen content, the results of the present
method and the AOAC method agreed well while the free ammonium
content, the AOAC method was found to be slightly higher than the
persent method especially in low concentration of ammonium. It
was because the distillation and titration method would be
inaccurate for species at low concentration and also it was known
that the urea if present in the sample would enhance the signal.
From the given information, organic nitrogen was present and
therefore the slightly enhancement of the AOAC method may be due
to the presence of urea. In the proposed method, the urea was
found not to give interference in the signal. Under this
circumstance, the proposed method was found to be more
applicable.
(III) Conclusion
A rapid, simple and selective method for the determination
of ammonium in a sample was developed. The atomic absorption
spectrometer after a simple modification was used as a molecular
absorption spectrophotometer. The apparatus used in Part (2) for
determination of bismuth was slightly changed to use in this
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Tables 7-23. Determination of total in fertilizer
by the present method and the AOAC method







Table 7-24. Determination of tree ammonium in leLL111L L
by the present method and the AOAC method.
AOAC methodPresent Method






section. A comparison of the present method with others was
tabulated in Table 7-25.
Cresser's method(33) had a high sensitivity. lne
detection limit and the sample rate were not reported. In his
method, 4ml of,sample and 20m1 of sodium hydroxide solution (40%)
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Table 7-25. A comparison of the present method for the
determination of ammonium ion in sample with












were required for each run. 11e sample ana reageuL LOUIU LIUL iiC
saved. The sample and the reagent mixture should be reacted for
30min at 303K. It was time consuming. In Syty's method(37),
although the sensitivity was low, but the apparatus was simple
where iml of sample and 6ml of reagent were required to obtain a
signal.
Vijan's method(41) offered a great sensitivity and a low
detection limit. The sampling rate was 24 runs per hour.
Continuous aspiration of sample was necessary and therefore
excess sample and reagent were needed. Approximately 2 to 3ml of
sample was required for each run.
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In the present method, without thermal treatment in Part
(A), the sensitivity was not too bad and it gave the highest
sampling rate. The sample volume was only 200u1.. The signal was
enhanced by the acid concentration in the sample, standard
addition was used. It needed more time for preparing the sample
solutions. With thermal treatment in Part (B), the sensitivity
was enhanced but the sampling rate was decreased. The sample
volume was 400u1. The result could be directly read from the
calibration curve. It eliminated the need of some glassware
manipulations for preparing the standard addition solutions. The
present method can be applied to determine other species which
have gas-phase molecular absorption, for example, sulphur
dioxide, iodine and bromine, etc.
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PART III





Sulphurous acid is used as a.preservative in many Kinas or
food. It inhibits the growth of moulds, yeasts and aerobic
bacteria. It is in the form of sulphurous acid solution or as
the sulphite salts of sodium, potassium or calcium. In fruits
and vegetables, it prevents the darkening due to the enzymes and
helps to conserve the vitamin C. By convention, it is generally
expressed as the amount of sulphur dioxide present in the sample.
Sulphites combine reversibly with aldehydes, ketones and
simple sugars to form addition products. Addition of acid or
base will destroy the equilibrium and regenerate the sulphite and
the carbonyl compound. The 'bound' sulphite appears to be
ineffective as a preservative but based upon the regulations, the
'bond' sulphite is also counted. With foods such as fruit juice,
the allowable total sulphur dioxide content is 350ppm S02(43).
There exist some methods for the determination of sulphur
dioxide in foods. Among them, the Monier-Williams method is
widely accepted and is now documented in the AOAC(44) as the
standard method. In this method, the sample is treated with
hydrochloric acid. The evolved sulphur dioxide is distilled into
a solution of hydrogen peroxide and then the sulphuric acid
formed is titrated with standard sodium hydroxide solution. It
gives a measure of the total sulphite in the sample.
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As mentioned in Part II*, Syty(32) determined the sulphur
dioxide content in a sample by gas-phase molecular absorption
spectrometry in 1973. He trapped the sulphur dioxide in an
absorbing solution and then released it by acid treatment. In
1983, he continued his work for the determination of sulphite in
table wines(40). .A 0.5ml of wine sample was injected into a
vessel containing 5m1 1.8M H2SO4. The evolved sulphur dioxide
was swept into an absorption cell to obtain a signal.
As it was known that the Monier-William's method required
a lengthy distillation time (about 2 hours), the purpose of the
present study was to develop a rapid method for the determination
of sulphur dioxide content in a sample. The apparatus was the
same as that in Part II.- for the determination of ammonium ion.
Sulphuric acid was used to evolve the sulphur dioxide from the
sample. The sensitivity, precision, accuracy and the effect of




(A) Flow Injection System
(I) Apparatus
The reference absorption spectrum or sulpnur aloxluu wi
measured by the Hitachi 32.3 Recording Spectrophotometer. In
quantitative work the measurements were made on a Perkin-Elmer
Model 360 Atomic -Absorption Spectrometer. A hydrogen hollow
cathode lamp and a Cole-Parmer recorder were used. Other
apparatus was the same as that in Part II for the determination
of ammonia with thermal treatment. The schematic of the flow
injection system was shown in Figure 9-1.
(II) Reagent
All reagents usea were or analyLlcdl Ldo Lau.
A stock solution containing IUUVppm UL 6U1p111LC wc.
prepared by dissolving 1.5743g of anhydrous sodium sulphite in
distilled water. The solution was transfered to a 1L volumetric
flask. 10ml glycerol was added to suppress the oxidation. The
solution was made up to the mark with distilled water. From this
stock soluton, standard solutions of appropriate concentration













DC---- damping coilP pump
MC---- mixing coilG---- gas-liquid'separator
RC---- reacting coilH---- membrane+ supportor
W---- wasteS---- sample injection valve
B---- bypass
Figure 9-1. Schematic of the flow injection system for the
determination of sulphite ion.
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Sulphuric acid (2M) was prepared by appropriate dilution
of concentrated sulphuric acid (18M).
(III) Procedure
The wavelength was set at 21U.Unm. 'the lamp current was
15mA. The slit width was 2.Onm and energy gain was 50. The
absorption T-tube was aligned properly to allow maximum intensity
of the light beam to pass through by using the rotational,
horizontal and vertical adjustment knobs of the instrument.
The mixing coil, reacting coil and nitrogen from pump' to
the* carrier stream were fixed at 15cm, 100cm and 17ml per min,
respectively. The sulphuric acid (2M), distilled water and
carrier gas were set at flow rate of 4.30m1 per min in each
stream. The sample volume was approximately 70011. The sample
was carried by the water stream and then mixed with the sulphuric
acid. The stream of nitrogen gas from the peristaltic pump was
introduced to blow the sulphur dioxide out from the mixture.
After passing through the gas-liquid separator, the solution
would go to the waste bottle and the gas would sweep to the
heated absorption cell. The signal was recorded. For each
sample, at least five readings were taken and then averaged. A
typical calibration graph was prepared from appropriate dilution
of the standard stock solution. The total sulphites present in
some concentrated fruit juices were determined by the proposed
method and compared with the (AOAC) Monier-William's distillation
method(44).
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Figure 9-2. Apparatus set up for the AOAC distillation of
sulphite ion in smaple.
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(II) Reagents
All reagents used were of analytical reagent grade
The hydrogen peroxide solution (3%) was prepared by
appropriate dilution of the 30% solution.
The hydrochloric acid was 37% w/v.
The standard solution of NaOH with concentration 0.0500M
was obtained from appropriate dilution of the standard BDH
solution.
Methyl red indicator was prepared by dissolving 1g methyl
red in 200ml ethanol.
(III) Procedure
A 50ml sample was placed into a 500m1 2 neck round-
bottomed flask. Several glass beads were added. The sample was
diluted to about 250m1 with distilled water. 5ml and 20ml
hydrogen peroxide solution with a few drops of methyl red
indicator were added to the absorption flask A and B,
respectively. Then 20ml concentrated hydrochloric acid was added
to the sample and the apparatus was immediately connected as
shown in.Figure 9-2. The nitrogen gas flow was controlled to a
slow steady stream of bubbles. The mixture was refluxed for
about 2 hours. The water in the condenser was then turned off
but heating was continued until the inlet of the absorption tube
B showed condensation and warming slightly. The absorption tubes
A and B were removed and the solutions were poured into a 250m1
conical flask. It was titrated with 0.0500M NaOH standard




(I) Absorption spectrum of sulphur dioxide
An absorption spectrum of sulphur dioxide which was
obtained by the Perkin-Elmer Model 360 Atomic-Absorption
Spectrometer was shown in Figure 10-1. Sulphur dioxide was
injected into a 4cm length stoppered quartz cell. A hydrogen
hollow cathode lamp was used as the radiation source. The
spectral slit width was set at 2nm. Another absorption spectrum
of sulphur dioxide was shown in Figure 10-2.' The spectrum was
obtained by the Hitachi 323 Recording Spectrophotometer. A 1cm
length quartz cell was used for trapping.the gas.
The general* trend of the two spectra was similar: a
maximum at about 200nm and gradually decreased to 220nm. The
main difference was that fine structures were shown by the
Hitachi 323 Recording Spectrophotometer. As the separation
between two peaks,was about 1.5nm as shown in Figure 10-2, a
spectral slit width of 2.Onm in the atomic absorption
spectrometer could not resolve the peaks and therefore a broad
peak was obtained. The Hitachi 323 Recording Spectrophotometer
had a spectral band width of 0.1nm or better. A higher
resolution spectrum was obtained. A wavelength of 210nm was
selected for the experiment.
tigure 10-1. Absorption spectrum of sulphur dioxide bv discrete
scanning using the Atonic Absorption Spectrometer.
Figure 10-2. Absorption spectrum of sulphur dioxide by
continuous scanning using the Hitachi 323
Recording Spectrophotometer.
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(II) Optimization of experimental condition,,
(1) The slit width
.The effect of the slit width on signal was studied. The
results were collected in Table 10-1. The experimental
cnnclitions were:
(a) dimensions of the groove bt the gas-liquid separator:
0.5mmx3mmx5Omm.
(b) sample volume: 70 01.
(c) solution flow rate: 4.3m1 per min.
(d) mixing coil length: 15cm.
(e) reacting coil length: 100cm.
(f) total nitrogen flow rate: 75m1 per min.
(g) nitrogen flow rate from pump to the carrier stream: 17m1 per
min.
(h) sulphuric acid concentration: 2M.
(i) temperature of the water bath: 95°C.
From the result, the slit width had no effect on the
signal. Because a wider slit width gave a more steady baseline,
a slit width of 2.Onm was used throughout the experiment.
114










(2) Temperature of the water bath
The reacting coil and the gas-liquid separator were put
into a water bath. The temperature of the water bath was raised.
The effect of the temperature on the signal was studied. The
results were collected in Table 10-2 and the plot of absorbance
against temperature was shown in Figure 10-3.
As in hart It for the determination or ammonia in
sample, the signal increased tremendously with temperature. This
is due. to the fact that the solubility of a gas in water is
inversely proportional to temperature. A temperature of 95°C was
chosen throughout the experiment.
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(3) The sample volume
The sample volume was varied to see if there was any
effect on the signal. The results were collected in Table 10-3
and the plot of absorbance against sample volume was shown in
Figure 10-4.
The- result was different from that in Part I and Part
II for the determination of bismuth and ammonia where the
signal was levelled off at about 400u1. Here the signal was
continuously increased to a sample volume of 80Orl. A sample
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Figure 10-3. Effect of water bath temperature on the absorbance
concentration,200ppm
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signal only increased slightly.











(4) The total nitrogen flow rate
The effect of total nitrogen now rate on signal was
studied. The results were collected in Table 10-4 and the plot
of absorbance against total nitrogen flow rate was shown on
Figure 10-5. As expected, the signal had a maximum it flow rate
of 75m1 per min. Further increase in flow rate would lower the
signal due to the dilution of the analyte by the nitrogen gas and
also the decrease in the resident time of the analyte in the
absorption tube. At very low flow rate, the decrease of signal
was caused by the diffusion of the analyte in the carrier gas
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Table 1U-4. Ettect of total nitrogen flow rate on signal.
Sulphite concentration was 200ppm.








(5) The solution flow rate
The effect of solution flow rate on signal was studied.
The results were collected in Table 10-5 and the plot of
absorbance against solution flow rate was shown in Figure 10-5.
From the reuslt, the signal increased with the solution
flow rate. It was different from that in Part I.I for the
determination of ammonia. It was probably due to the fact that
sulphur dioxide was more readily to come out from the mixture.
Increase solution flow rate would reduce the dispersion of the
sample zone in the mixing coil and also the extent of dilution of
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Figure 10-5. Effect of total nitrogen flow rate on the









at high flow rate. A solution flow rate of 4.30ml per min was
selected throughout the experiment. It not only increased the
sensitivity but also t:-La sample rate as well.
Table 10-5. Effect of solution flow rate on signal.
Sulphite concentration was 200p-pm.






(6) The sulphuric acid concentration
Sulphuric acid was used to provide an acid medium tor the
quick evolution of the sulphur dioxide in the mixture. Normally,
the more acidic the medium, the more ease for the sulphur dioxide
to come out. Therefore a high acid concentration was
recommended. The effect of sulphuric acid concentration on signal
was studied. The results were collected in Table 10-6 and the
plot of absorbance against acid concentration was shown on Figure
10-7
From the result, even at very low acid concentration,
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evolved. The signal increased sharply from acid concentration of
0.01 to 0.05M and there was a slight increase in signal for
a further increase in acid concentration. Since the gas-liquid
separator was made from acrylic plastic, it was found that the
groove in the cell was etched when the acid concentration reached
4M at 95°C. The acid concentration of 2M was used throughout the
experimen t.
Table 10-6. Effect of sulphuric acid concentration on
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Figure 10-7. Effect of sulphuric acid concentration' on the








(7) Typical calibration run
A calibration curve with sulphite concentration from 0 to
500ppm was prepared. The results were collected in Table 10-7
and the plot of absorbance against sulphite ocncentration was
shown in Figure 10-8. It was found that the curve was linear in
the range from 0 to 250ppm and bent towards the x-axis when the
concentration was further increasing. The sensitivity based on
absorption was calculated to be 1.87ppm





































0 100 200 300 400 500
Concentration of sulphite ion (ppm)










The precision of the presen-t method was demonstrated by
using sulphite concentrations of lOppm, 50ppm and lOOppm. The
results were collected in Table 10-8. The relative standard
deviation of the signals were calculated to be 5.0%, 3.2% and
2.9%, respectively. The detection limit was defined as two times
the' standard deviation at or near the blank level. It was found
•to be 1.OOoDm
(9) Interference studies
The effect of some anions and organic substances on signal
was studied. The anionic interferences were prepared from their
salts of sodium and potassium. The results were collected in
Table 10-9.
Among the ten anions studied, iodide and thiocyanate were
found to have some interferences on the signal when their
concentration reached 500ppm in the solution. Sulphide
interfered the signal most. The reason was that in acidic
medium, sulphide would be evolved as hydrogen sulphide which was
known to have absorption in the UV region. From the result, the
sulphide interference was found directly proportional to its
concentration in the solution. Therefore, the same method can be
used to determine the sulphide in sample.
Table 10-8. Results in the precision studies of lOppm,
50ppm and lOOppm sulphite concentrations.
cone. (ppm) Absorbance





























































Average 0.029 0.138 0.270
Standard Deviation
Relative Standa-rH
Deviation 5.0 3.2 2.9
able 10-9. Effect of various interferences on signal.
Sulphite concentration was lOOppm.
Interference suppressionenhancement of signal
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Acetic acid,- ethanol and propanoic acid gave no
interference on the signal. Formaldehyde completely suppressed
the signal when its concentration reached 500ppm. It was because
a bisulphite addition product was formed. All the sulphites
became bounded. When sodium hydroxide was added in the
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digestion, it was found that the interference from formaldehyde
was eliminated. The 'bound' sulphite was released.
(10) Accuracy
The accuracy of the proposed method was demonstrated by
determining the sulphite concentration in four concentrated fruit
juices. The results were collected in Tah1P in--in-
Only the lime juice gave a result while the concentration
of sulphur dioxide in the other juices could not.be determined.
It was because the membrane was blocked by-the additives in the
juice when the sample was injected. Only small amount of gas
could pass through the membrane. The signal was low and not
reproducible. Several methods had been tried to treat the sample
before the injection: (a) solvent extraction, ether was used to
remove some organic compounds which might have interaction with
the membrane, (b) a strong electrolyte, aluminium sulphate was
used to precipitate the large organic molecules, and (c)
activated charcoal was added and tried to remove the
interferences. All results failed. The membrane remained
blocked.
It appeared from our results that the concentration of
sulphur dioxide in lime juice showed a good agreement between the
standard addition and calibration curve method. The value was
about 10 to 15% higher than that obtained.by the AOAC method.
Syty(40) reported the same result. In 1986, Warner et.al.45)
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reported that the Monier-Williams method yielded only 85-90%
recovery. Hence, the proposed gas-phase absorbance method was
found to be more accurate.
Table 10-10. Determination or sulpnur aioxice content in
sample.









The gas-phase absorption method was a quick and simple
method for the determination of sulphur dioxide in sample. The
disadvantage of the present method was that the sample matrix
should not interact with the membrane. Otherwise, a certain
presample separation would be required.
An electrically heated T-tube was used as the absorption
cell. The sample volume was 70 01. The total nitrogen flow rate
was 75m1 per min. The solution flow rate was 4.30m1 per min and
the sulphuric acid concentration was 2M. After optimization, the
sensitivity was 1.87ppm Sol2- and the detection limit was 1.00nnm
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-
so32. The proposed method was found to be more accurate and can
be applied-to determine the sulphide content in certain samples.
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SUMMARY
A new gas-liquid separator was introduced ror rlow
injection analysis. The separator was small and could be easily
contructed. The membrane was the PTFE tape with thickness
0.075mm. The cell was tested successfully for the determination
of bismuth(III) by hydride generation. The miniaturization of
the system not only reduced the sample and reagent consumption
but also increased the sampling rate as well.
A rapid, simple apd selective method for the determination
of ammonium ion in sample has been developed. The atomic
absorption spectrometer after a simple modification was used as a
molecular absorption spectrophotometer. The result could be
directly read from the calibration curve and was found in good
agreement with the AOAC method. The same set up of the apparatus
could be used for the determination of sulphite ion. The
sulphite ions were converted to SO2 by sulphuric acid. Only
sulphide ion gave significant interference. For real samples,
the sample matrix should not interact with the membrane.
Otherwise, presample separation would be necessary.
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